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ABSTRACT 
The bending beam method for measurements of stress in thin films deposited on an elastic substrate in the form of a 
thin stripe has been improved by the introduction of a laser beam deflection system and of a laser spot position detector. 
With this improvement,  stress measurements have been performed in situ during the electrochemical  reactions of palla- 
d ium hydride formation and of valve metal anodic oxidation. Stress changes in the thin films of 107 N/m 2 can be measured 
with a t ime response better than ls. This allows the detection of rapid reactions (like H diffusion in a Pd thin film) and of 
the electrostriction effect even in anodic films with thickness below 20 nm. 
Cracking and peeling of thin metal or passive films can 
occur if high internal stresses build up, as in some cases 
due to an electrochemical reaction. Examples of measure- 
ments of internal stress have been given for electroplated 
films (1-5), as well as for vacuum-deposited metal films 
(6, 7), and considerable ffort has been put in the detection 
of stresses developed uring oxidation of bulk metals and 
metal films (8-16). This shows that the measurement  of 
such stresses, and the knowledge of how they develop into 
the films during a reaction, is still of considerable impor- 
tance for several industrial applications where protective 
coatings are obtained by an electrochemical method. A re- 
liable stress measurement  technique should therefore b  
simple, in situ, sensitive, and fast. The first quantitative 
measurements  of stress in thin electroplated films were 
carried out by Mills (1) and by Stoney (2). Stoney measured 
the bending of a sample in the form of a long, thin, rectan- 
gular steel rule which was clamped at one end and had one 
side lacquered. More recent measurements of stress in the 
anodic films of various metals have followed the same pro- 
cedure, making use of a telescope or of a traveling vernier 
microscope to measure the specimens'  deflections (8, 16). 
Other different methods of stress measurements are opti- 
cal, interferometric, electrical or electromechanical,  nd 
by x-ray or electron diffraction (6, 18). A very sensitive in- 
terferometric in situ technique for measur ing electrode 
strain has been recently proposed by Butler and Ginley 
(5, 19) taking a single-mode optical fiber as the thin film 
electrode substrate. 
In the present work, we use once more the old bending 
beam method of Stoney, but we improve its design taking 
a laser and a position sensitive detector to improve both 
the sensitivity and the response time. This results in a sim- 
ple but precise electro-optical setup for in situ measure- 
ments, that could easily be automated and used routinely 
in industrial laboratories. In a recent, short note (20) we de- 
scribed this setup and iscussed briefly its application for 
studying stress changes in thin film during an electro- 
chemical  reaction. The applicabil ity of our setup has been 
shown in the present paper for two different electrochemi- 
cal reactions: the anodization of a thin valve metal film, 
and the cathodic formation of pal ladium hydride from a 
Pd film electrode. Other electrochemical reactions have 
also been investigated lately by us with the same setup, 
namely, the hydrogen electrochemical doping of various 
TiO2 semiconduct ing film photoelectrodes, and the elec- 
trochromic reaction of nickel oxi-hydroxide films for 
smart windows applications, but these results will be re- 
ported elsewhere. It is now our convict ion that a large 
number  of electrochemical reactions induce internal 
stresses in a thin film electrode, and several physical phe- 
nomena can be responsible for the stress: thermal expan- 
sion, electrocapillarity, diffusion or intercalation of species 
in the film, surface chemical and morphological  modifica- 
tions, electrical field effects. It is therefore the aim of this 
paper to study in some detail simple electrochemical reac- 
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tions, already well known in electrochemistry, and to com- 
pare our experimental  results with the stress calculated 
from the mechanical  and electrical properties of the thin 
film materials. 
Experimental Details 
The experimental  setup has already been described in a 
short report (20), and is shown in Fig. 1. An optical bench 
similar to that of Charbonnier et al. (21) has been modif ied 
in order to direct the He-Ne laser beam reflected from the 
lower end of the electrode on a linear position sensit ive de- 
tector (UDT Model LSC/5D or Model LSC/30D), with its 
axis in the vertical direction. The working electrodes are 
thin metal  films (0.1 ~m thick) sputtered onto cover glass 
substrates (0.15 mm thick) prepared typically in the form 
of 3 x 30 mm rectangles, c lamped by the upper end above 
the electrolyte level. The laser beam is reflected by the 
electrolyte/glass and (much more) by the glass/metal inter- 
face (this to avoid the disturbance due to reaction products 
and convective flows in front of the film) and falls onto the 
posit ion cell, which senses the movement  of the spot asso- 
ciated with the bending of the electrode. Two output 
photocurrents are generated which are proportional to the 
distance of the spot from the end contacts of the detector, 
thus providing real-time analog information on both posi- 
t ion and movement  of the spot. The bending of the elec- 
trode can be related to the stress in the thin film (Fig. 1B), 
provided the deflection angle he and the radius of curva- 
ture R are measured and the mechanical  and geometrical  
parameters of film and glass are known. 
During our experiments,  compressive stresses induced 
an upward, and tensile a downward deflection of the laser 
beam. The electronical equipment  used here were a home- 
made double current-to-voltage converter, a differential 
amplif ier (or a lock-in amplif ier operating in its differential 
mode), to measure the deflection angle, and a conventional  
electrochemical  setup (PAR 173 potentiostat galvanostat 
and PAR 175 programmer) to control either the potential 
(with respect to a saturated calomel reference lectrode, 
SCE) or the current in the electrochemical  cell. The elec- 
trolytes were prepared from AnalaR grade reagents in
triply distil led water, purged with N2, when necessary, and 
measurements  were performed at room temperature. The 
laser deflection due to thermal expansion of the electrode 
has been calculated to be of 10 .5 rad/~ thus smaller than 
the deflections we measured experimental ly,  and there- 
fore the electrochemical cell was not kept under ther- 
mostatic control. The heating of the film electrode due to 
the laser beam probe (less than 0.5 mW after beam split- 
ting) was also considered to be negligible, under the pres- 
ent circumstances. 
Results 
Electrochemical PdHx formation.--It is well  known that 
atomic hydrogen can easily diffuse into pal ladium (23), 
this property having been used for hydrogen storage and 
hydrogen sensors (23, 24), among other applications. Since 
at room temperature the diffusion coefficient of H in Pd is 
of 3 • 10 .7 cm2/s (25), the H diffusion throughout a Pd film 
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Fig. 1. (A) Experimental setup used for measuring stress in a thin film 
during electrochemical reactions; WE, RE, and CE are the working, cal- 
omel reference, and counterelectrodes, respectively. (B) Bending of a 
long, thin substrate due to compressive or tensile stress in the thin film 
(side view). AO: deflection angle. R: radius of curvature. 
0.1 ~m th ick  occurs in less than  10-~s. We have per formed 
several  exper iments  in wh ich  hydrogen was generated 
e lectrochemical ly  at a Pd  film electrode surface, and in 
v iew of the above we have always assumed that  on our 
t ime scale (of the order of seconds) most  of the H atoms 
generated diffuse into the film and the measured  de- 
f lection is the effect of stress due to a uni form, homogene-  
ous solid solut ion of H in Pd  (denominated PdHx). The va- 
l idity of this assumpt ion  will be d iscussed later. In Fig. 2 
the cyclic vo l tammogram of such a Pd  film electrode is 
shown,  together  wi th  the s imul taneous  measurement  of 
the  def lect ion angle of the probe laser beam. Two react ions 
are observed on the cathodic  scan: react ion A, associated 
wi th  the reduct ion of 02 dissolved in the (air-saturated) 
electrolyte, and with no effect on the laser beam de- 
flection; and react ion B, that  we could tentat ively write as 
Pd  + xH § + xe-  ----> PdHx [1] 
wh ich  is accompan ied  by a sizable def lect ion ind icat ing in- 
creas ing compress ive  stress into the film as the react ion 
proceeds.  By convent ion,  this k ind  of def lect ion will be 
measured  wi th  negat ive angles, whi le for the def lect ion as- 
sociated wi th  increas ing tensi le stress posit ive angles will 
be used. On the reverse scan, the potent ia l  of max imum 
def lect ion has been marked  in Fig. 2 wi th  an arrow, and 
cor responds  to the point  of zero cur rent  in the vo l tammo-  
gram. Fol lowing the str ipping react ion of H + (the reverse 
of Eq. [1]) both  the current  and the def lect ion angle go back  
to the i r  init ial value, and the cycle can be reproduced.  In 
Fig. 3 the deflection angles are shown as a funct ion of t ime, 
when galvanostat ic  exper iments  are started wi th  a s imi lar 
Pd  electrode in the same electrolyte at t ime t = 0. When the 
def lect ion angles are plotted as a funct ion of charge ( inset 
of Fig. 3), only the results  obta ined with the h igher  cur- 
rents  densit ies are very close to each other. This can be ex- 
p la ined as if these currents  were larger than  the l imit ing 
cur rent  of 02 reduct ion under  natura l  convect ion (no stir- 
r ing) of the electrolyte. With IJI smal ler  than  50 ~tA/cm 2, 
instead, a cons iderable fract ion of the charge passed 
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Fig. 2. Cyclic voltammogram (upper curve) and simultaneous vario- 
tion of the deflection angle AO (lower curve) with a thin Pd film elec- 
trode in air saturated Na2S04 electrolyte. 
react ion and not  wi th  the hydrogen generat ion.  The exper-  
iment  with J = -66  ~A/cm 2shows also at t = 55s the effect 
of s topping the galvanostat ic  exper iment  on the def lect ion 
angle, where  the release of stress suggests a spontaneous  
di f fusion of hydrogen out of the film. This effect was only 
observed in air -saturated electrolytes. The exper iment  
wi th  J = -55  ~A/cm 2has been pro longed till the destruc- 
t ion of the spec imen which  occurred due to the peel ing of 
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Fig. 3. Time dependence of the deflection angle AO during galvano- 
static experiments with a Pd film electrode. Electrolyte as in Fig. 2. 
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In order to avoid the reduction of O~, that has no effect 
on the stress in the thin film electrode, we have saturated 
the cell electrolyte with nitrogen and repeated a series of 
galvanostatic experiments. The r sults in Fig. 4 show that 
the deflection angles are larger than those in the experi- 
ments in Fig. 3, and that there is a single l inear relationship 
between deflection angles and charge (inset of Fig. 4), re- 
gardless of the current density. In the exper iment with 
J = -47 ~A/cm 2two points can be marked on the curve: A 
is the proportionality limit, below which the deflection is 
l inearly proportional to the charge, and B is the rupture 
point, where the peeling of the film begins to occur. The re- 
sults shown in Fig. 4 have been reproduced with other Pd 
thin film specimens. Nb thin film electrodes have also 
been investigated under similar experimental  conditions, 
and a linear relationship (with different slope) has been ob- 
served between deflection angle and charge as well. 
Anodic oxidation ofthin metal fi ms.--Stresses in anodic 
films (18) arise because of the displacement of metal and 
oxygen ions during anodization, because of the changes in 
vo lume and in porosity of the surface layer (15), and also as 
a consequence of the high electric field (electrostriction). 
We have investigated the stress in the anodic oxides pro- 
duced by cyclic vol tammetry in the potential range up to 
10V on thin Nb and Ti films. The laser beam deflection dur- 
ing the anodization of a niobium film (Fig. 5, curve 1) indi- 
cates tensile stress which develops already in the potential 
region between 1 and 3V (corresponding to oxide film 
thickness of about 5 nm), and only on the first cycle. Sub- 
sequent cycles (Fig. 5, curve 2), even when extended to 
higher potentials (Fig. 5, curve 3), do not change the de- 
flection developed below 3V, apart from a small decrease 
of the deflection angle observed with the voltage applied, 
which can be explained as compressive lectrostriction. 
This field effect is only -3  • 10 -5 rad at 10V, compared to 
+ 1.8 x 10 ~4 rad developed on the first anodic voltammetry. 
The results obtained with a Ti thin film electrode again 
indicate that tensile stress develops only during the first 
cycle (Fig. 6, curve 1), but point out (Fig. 6, curve 3) a much 
larger compressive effect due to the electric field 
(-1.4 • 10 -4 rad at 10V). It should also be noticed that we 
always observed larger and increasing currents during the 
first anodic potential sweep on Ti film electrodes than on 
Nb. This could be due to the oxygen side reaction on Ti or 
to the transpassivity and instability of its oxide. As a re- 









Fig. 4. Time dependence of the deflection angle A0 during galvano- 
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Fig. 5. Cyclic voltammograms (upper curves) and simultaneous varia- 
tion of the deflection angle A0 (lower curves) with a Nb film electrode 
in H2SO4 electrolyte. 
voltages and/or more t ime to fully develop than the one in 
the niobium oxide films. Only during the second and sub- 
sequent voltammetr ic  ycles with Ti film electrodes one 
can observe in the deflection angles the characteristic be- 
havior of a stabilized oxide, i.e., an angular decrease as a 
function of increasing applied voltage. 
Discuss ion  
In the so-called bending beam method, the measure- 
ments of stress require that the substrate is at least five 
t imes longer than it is broad and the sensitivity depends 
on the detection system used to observe the displacement 
of one end of the specimen while the other is c lamped (18). 
The detection system used in the present paper al lowed 
the measurement  of a min imum deflection angle of the 
probe laser beam of 5 • 10 -6 rad, that corresponds to a 
movement  of 5 • 10 -~ mm of the free end of a 20 mm long 
electrode. Such a small displacement could not be meas- 
ured by any of the optical systems described so far based 
on the visual observation of the free lower end of the elec- 
trode during an electrochemical reaction (2, 8, 16), and 
could be detected optically only by an interferometric 
method. Furthermore, the max imum sensitivity of the 
present technique could still be enhanced, since it has 
been proven that much smaller laser beam deflection an- 
' ' ' ' l ' ' l , I i , , g les  can  be  detected  in  mi rage  exper iments  w i th  a s imi la r  
. . ~ optical setup (21). 
/ ~ I The formula we used for calculating stress in terms of 
r 
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Fig. 6. Cyclic voltammograms (upper curves) and simultaneous varia- 
tion of the deflection angle AO (lower curves) with a Ti film electrode in 
H2504 electrolyte. 
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E t 2 1 s 
- - -  wi th R = - -  [2] 
6(1-v )  tf R A0 
where  E is the substrate  Young's  modulus,  t and tf the sub- 
strate and fi lm th ickness,  respectively, s the length of the 
sample (in our case, the distance between the laser beam 
spot on the electrode and the electrolyte meniscus)  and A0 
the measured  eflection. I f  the film under  study is a lready 
stressed, pr ior  to the e lectrochemical  reaction, Eq. [2] gives 
the stress var iat ion due to the react ion only. For  absolute 
stress determinat ion,  one should measure  first the radius 
of curvature  of the substrate  alone R1, then  the radius of 
curvature  R2 of the substrate  wi th  film. The absolute stress 
in the th in  film can therefore be calculated as follows (26) 
. . . . . .  [3]  
6(1-  v) tr 
S ince the d iscuss ion of our results will be restr icted to the 
analysis of stress var iat ions due to the e lectrochemical  re-
actions, we shall  only use Eq. [2] in the following. 
The  results  shown in the Fig. 2-4 can be expla ined in 
terms of a compress ive stress associated wi th  a vo lume in- 
crease of the th in  meta l  film dur ing  the cathodic reduct ion 
react ion of the protons of the electrolyte (Eq. [1]). The lat- 
t ice expans ion  has  been studied in detai l  for several  bu lk  
meta l -hydrogen systems (27), and the relative vo lume 
change (AV/12) per un i t  concentrat ion  of H in Pd  has been 
found to be 0.19. For  a Pd  meta l  in the form of a long bar  
that  has both  ends blocked, one can therefore calculate the 
stress per  un i t  concentrat ion  of H in the s imple way 
Em AL E m 1 AV 
~r - - - 1.22 • 10 I~ N/m 2 [4] 
1--~m L 1- -Vm3 12 
tak ing Em = 1.17 • 1011 N/m 2 and vm = 0.39 (28), where  the 
subscr ipt  m indicates metal. We compare  this calculated 
va lue with the exper imenta l  stress der ived from Fig. 4 by 
means  of Eq. [2]. This compar ison  is poss ib le only if the 
l inear expans ion  of the film at tached to the glass substrate  
is very small. This is indeed the  case here, because the film 
expans ion  due to the bend ing  of the glass substrate  is only 
0.4% of that  of a free unsuppor ted  metal  bar of the same 
length  charged wi th  the same H concentrat ion.  F rom the 
slope of the straight l ine in the inset  of Fig. 4 (5.73 • 10 -5 
rad m2/C), and tak ing for the glass substrate  the fol lowing 
constants  E = 7.0 • 10 TM N/m 2, v = 0.22, t = 1.5 • 10-4m, the 
stress after passing a charge of 1 C/m 2 in a 0.1 ~m th ick  Pd  
film is 1.29 • 107 N/m 2. S ince f rom Faraday's  law one needs 
1.088 • 103 C/m 2 to get a uni t  concentrat ion  of H in a 0.1 ~m 
th ick  Pd  fi lm (assuming no evolut ion of gaseous H2 at the 
Pd  electrode), the  exper imenta l  stress per  un i t  concentra-  
t ion of H in Pd  from the results in Fig. 4 is then 1.40 • 10 ~~ 
N/m 2 (i.e., with in  15% of the calculated value). The agree- 
ment  between exper imenta l  and calculated values of the  
stress is better  if we take the average value of s ixteen 
measurements  on five di f ferent Pd  spec imens (all in N2 
saturated electrolytes), wh ich  is (1.12 • 0.7) • 107 N/m 2 
after pass ing a charge of 1 C/m 2. The results  of the experi-  
ments  in air -saturated electrolytes (Fig. 2 and 3) cannot  be 
compared  wi th  the former  ones because in this case Fara- 
day's  law cannot  be appl ied unless  the exact  faradaic effi- 
c iency of the  react ion in Eq. [1] is known.  The l inear behav-  
ior shown by the def lect ion exper iments  l ike the ones in 
Fig. 4 and  the agreement  found above between exper imen-  
tal and calculated stress in the th in  film PdHx electrodes 
suppor t  the fol lowing conclusions:  
1. The assumpt ion  of un i form d is t r ibut ion of H in the 
PdH= film dur ing  our exper iments  appears  justif ied. 
2. The amount  of gaseous H2 evolved at the  PdH~ film 
electrode is negl ig ible for smal l  current  densi t ies  (below 
70 ~A/cm2), s ince most  of the H atoms generated were ob- 
served to dif fuse into the film cont r ibut ing  to the meas- 
ured stress. 
3. The mechan ica l  propert ies  of the th in  fi lms of Pd  de- 
scr ibed in this  work  seem to be very s imi lar to those of the 
bu lk  meta l  material.  
4. The compress ive  stress in the th in  PdHx films can be 
measured  in situ by means  of the  def lect ion angle of a laser 
beam and is in agreement  with the lattice strain model.  
The stress is l inearly proport ional  to the H concentrat ion  
x, and is revers ib le if the elasticity l imit  of the spec imen is 
not  exceeded.  With this respect,  the  proport ional i ty  l imit  
(x = 3%) and the rupture  point  (x = 4%) appear  to be 
main ly  determined in our case by the adhes ion between 
substrate  and film, rather  than  by the mechan ica l  proper-  
t ies of the film itself. 
A complete ly  di f ferent physical  phenomena is the one 
re lated to the exper iments  descr ibed in Fig. 5 and 6. As 
already po inted out in the former section, the  growth of a 
second layer (the anodic oxide) on top of the metal  film 
generates,  first, a tensi le stress, wh ich  is permanent  and 
nonrevers ib le ,  and second, a compress ive  stress (electro- 
striction), wh ich  is only due to the electric field and is 
therefore reversible. For  mult i layer  film structures the 
s imple model  f rom which  Eq. [2] was der ived would not  be 
correct, but  still could be used to calculate the stress varia- 
t ions due to the electric field forces, because these apply 
only to the outer  dielectric layer, their  net  effect be ing to 
squeeze the oxide film wi thout  apply ing any stress on the 
under ly ing  lass + metal  film structure. Us ing the growth 
law for determin ing  the oxide film th ickness  (2.1 nm/V for 
Nb~O5 and 2.0 nm/V for TiO2) and tak ing the same glass 
substrate  coefficients as above, one can deduce from the 
def lect ion angles in Fig. 5 and 6, be ing s = 13 ram, a com- 
pressive electrostr ict ion at 10V of 3,7 • 107 N/m 2 for the ni- 
ob ium oxide and 1.9 • 108 N/m 2 for the t i tan ium oxide. 
These exper imenta l  values can be compared  wi th  the 
stress in the oxide layer calculated by the attract ion of two 
oppositely charged plates of a s imple paral lel plate capaci- 
tor, where  the under ly ing  meta l  layer is one electrode and 
the electrolyte is the other. This resul t ing stress is (19) 
I v ~oV 2 
: - -  9 [5] 
where  to is the permitt iv i ty  of free space, e the relative per- 
mitt iv i ty of Nb20~ (40) and of TiO2 (100), and V the appl ied 
voltage (10V). The calculated values of this stress are 
2.7 • 107 and 7.4 • 107 N/m 2, for the n iob ium oxide and  ti- 
tan ium oxide film 21 and 20 nm thick, respectively. The 
agreement  between the exper imenta l  nd calculated stress 
is better  for Nb205 than  for TiO2. The larger electrostr ict ive 
effect measured  for TiO2 is related to its h igher  permitt iv-  
ity, but  it is doubtfu l  whether  it is correct to consider  the 
relative permitt iv i ty  of th in  anodic layers the same as that  
of bu lk  metal  oxides, as done in the present  calculations, 
and not  to take into account  he stress dependence  of the 
permit t iv i ty  (13). Dif ferent values of e have been taken in 
the l i terature for expla in ing impedance  and el l ipsometri -  
cal measurements  on th in  films of TiO2 (29) and Nb205 (30), 
but  these values too were given wi th  cons iderable uncer-  
tainty. L i terature data report  electrostr ict ive stresses 
measured  exper imenta l ly  of 2 • 107 N/m ~ in Nb205 (8) and 
between 1 • 108 N/m 2 (8) and 2 • 10 TM N/m 2 (16) in TiO2 
(thus s imi lar to our results), the latter be ing however  a 
funct ion of the anodiz ing t ime at fixed appl ied voltage. 
Finally, we discuss briefly the tensi le stress observed 
dur ing  the first anodizat ion cycle of the th in  meta l  elec- 
trode. This is a sal ient feature already observed e lsewhere 
for all anodic oxides at smal l  film th icknesses  (8), and ex- 
p la ined as due to progressive film dehydrat ion,  but  its 
magn i tude  is often dependent  upon the anodiz ing condi- 
t ions. Our exper iments  al low one to follow cont inuous ly  
the bu i ldup of this tensi le stress in t ime, and therefore 
show that  a steady-state value of tens ion is atta ined much 
earl ier in Nb2Os than in TiO2, in agreement  wi th  the previ- 
ous reports  of instabi l i ty of t i tan ium oxide fi lms (29, 16). 
Other  authors  also reported open-circuit  tensi le stress to 
be a funct ion of the composi t ion of the electrolyte in wh ich  
the t i tan ium oxide is grown as well as of the meta l  surface 
preparat ion  (12). Unfortunately,  for the sake of compari -  
son, analogous exper iments  on the anodic oxides of nio- 
b ium were not  reported in the l iterature, to the best  of our  
knowledge.  In view of the dynamic  condi t ions in wh ich  
our  deflection exper iments  were performed,  and of the 
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lack of a more complete model for stress derivation i  mul- 
tilayer film structures, no attempt was made here to calcu- 
late quantitatively the tensile stress observed uring the 
first anodization cycles of our Nb and Ti film electrodes. 
We believe, however, that the results of such laser beam 
deflection experiments can be useful for comparing the 
growth process of different anodic oxides and could be 
easily extended to the study in situ of a variety of anodiz- 
ing conditions of the same metal electrode. 
Conclusions 
In this work measurements of stress variations in thin 
film electrodes have been performed in situ with a new 
electro-optic technique based on the bending beam 
method already developed by Stoney (2). This technique is
fast and almost as sensitive as an interferometric tech- 
nique, but it is simpler and requires cheaper components. 
With this technique we have studied the stress depend- 
ence on the hydrogen concentration x in PdH~ thin films in 
the range 0.001 < x < 0.04 and found a very good agree- 
ment with the stress expected in a bulk PdHx metal 
sample from the lattice strain model. The increase in com- 
pressive stress in the thin film can be determined precisely 
knowing the charge of the cathodic reaction, provided care 
is taken to avoid side reactions, a low reaction rate is kept, 
and the proportionality and rupture point of thefilm are 
not exceeded. The anodic oxidation of thin valve metal 
films (Nb and Ti) has also been studied here with this new 
technique, and the compressive stress due to the applica- 
tion of an electric field across the anodic films (electrostric- 
tion) has been analyzed. The measured electrostriction for 
NbzO5 is in reasonable agreement with the calculated lec- 
trostriction and with literature data; for TiO2 the measured 
electrostriction is larger than the electrostriction calcu- 
lated taking into account he known permittivity of bulk 
titanium dioxide. Tensile stress has also been observed to 
develop during the first anodic potential excursion of both 
Nb and Ti thin film electrodes, but no conclusive xpla- 
nation has been found for this effect yet. The technique re- 
ported here can easily be extended to the analysis of elec- 
trochemical reaction at thin metal foils, provided one side 
of the foil is lacquered and a small size optical mirror is at- 
tached to its lower end. The use of various ubstrate mate- 
rials with different mechanical and thermal properties 
may result in higher sensitivity and in various applications 
of this technique. Further work is in progress and new re- 
sults will be reported elsewhere. 
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